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(54) LAMINATED SOLAR BATTERY AND METHOD FOR MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laminated 
solar battery whose converting efficiency is high by 
improving the short-circuit current density of an 
amorphous silicon photoelectric conversion layer at an 
upper layer, and improving the release voltage of a 

crystal silicon photoelectric conversion layer at a lower ; , , .... j^t 

layer side. 

SOLUTION: This laminated solar battery is provided with 
a lower photoelectric conversion layer constituted of 
crystal silicon, an intermediate layer laminated on the 
lower photoelectric conversion layer, and an upper 
photoelectric conversion layer laminated on the 
intermediate layer and constituted of amorphous silicon. 

The intermediate layer is constituted of a translucent >i£ 
conductive layer for selectively reflecting and 
transmitting a light to be made incident from the upper 
photoelectric conversion layer side according to 
wavelength, and an oxidized silicon layer formed at the 
lower photoelectric conversion layer side. The oxidized 

silicon film is provided with a plurality of scattered conductive parts put through from the 
surface to back face of the oxidized silicon film. 
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[#1H»**>«H] 

fc, T«*«*tMIOJ:fc*Ji**t6t>BBJIfc, *WS 
^■i*»6>4 9, BMbvy "= vKfcttlfcfbvy 

>«i*>fc4tK IMbfy =^H»4*ol|)W365 2-l 0 

[1**41 5] a3btt«««»JB9f*^£vMzA«da 
W*«lKi: ^**R^*51^as UT4 5»*S 1 - 4 

t©8ii/J) = ^»HlttW«tt'F«»»*i* 5 x i o 18 

-lxi o2° cm-*<Dmmftiz&%m*m5\^Mt(Dm 
[t»#*7] mwmmmn. toitwex 1 o z 

-6X10 3 (Q'cm) - 1 OjEfflrtt-fc 9 ^ 0 
0— 7 0 0 nm<D*;^*f-i-5aia*3& $ 7 5 — 9 0 %CD$& 

MX* 8 ] 1 - 7 <DV>-f ixd* 1 0^f£i$ (73 3f 

y MWbft, *ff*JRftikft«6*3J:tJ 5 l»«IMbaov^i' 
[fftj&g 9 ] fi* 3 ! l ~- 3 ©v>fjx^ l oKffi*fc<o« 

i o ] * h wb v y 3 ism± 

oo-so 0Tc-e*tifcS*u5lll**9JwiB«o«Jiai* 
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[«W©»»MM!] 

[0 0 0 1 ] 
[0 0 0 2 ] 

*Lfc£, #WBS 59-96777 ^«#RS)' C <D»ji§J 

*A*t«0i:*Sr^yu7r^^y 
VKM^ffi 400-700n mmSOM^S^^Pii^ 
U Jgft V y 3 :xft«XStJia*tt 7 0 0 n m^±0^r& 

20 [0 0 0 3 ] t Z.Z>T\ £AT<D?£l {Z.fF&frlZ) X 0 

*««?6<o3eift3!i*E f f ttffi»«aeearj s c, mjjfc 

lEVo cfc.fctfftj»ia^FF<att£*5 0 
[0 0 0 4 ] 
[!8cl] 

[0005] stji£*hmu&<b»£\ ±tzm&m$i&m 

Jsc, IMEVo c^iit^ftilH^FFtt, -tjx-e 

4t5I»«a«f J s c 2<D?*> S v>rttdvh$v^* 

[0 0 0 6] 
US 2] 

- Afirt{JscU Jsc1\ 

[0 0 0 7] &mMX»WM±»<omi3k9fev o 

= ^*«se*Ji©Bi!ift«ffiv o c i t«*^y 

[0 0 0 8 ] 
[^3] 

Vbc « Vocl + Voc2 
[0 0 0 9] «UIS*Brmtt^tt=^A«Ea^F F 

J£iT^^4 (C^^tV^ «t ^td. 7^7 7^y = 
>^*«*«Jl©»*B-f-FF 1 4:tt»^y 

m^&mm+F f 2 ^tmcfts, 
[0010] 
[ft 4] 

™ FFlnFF *FF2 
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[ooii] ^ot, M3*Rftttttro&ife3!i*E f f 

jfofiftttiicttftj s c 1 fctti^y = ^*«astwi© 

S»«Sft*iK J s c 2 t*ri«v^-e/<9^**5wfc 
JEV o c 2 £^;ft^;ftft±£ii:5^ t t^fi^-Cfo^o 

[0012] -»wiw, ±®<d x. o tmmmxmmmz 

»«a£«attWl 2~ 1 4mA/cm 2 -C^^, feA^ 
y 3 >-*liaift«^»^i-SM»«Sffi«JK«» 19~2 
6raA/cm z tfc5. ZCDtzbb, ««ffi*»fa?&lc*3 

[0 0 13] T^e/u^T^v^y =^5t«KlftS 

(^^L«> #^Bg 60-35580 ^ffc, WBBBg 6 1 
- 1 2 7 8 4 7 ^4*«L #f§ff0B 62-84570 
&s #WBS6 3 - 7 7 1 6 7 ^&|&*5 J: tf#f§8flg 6 3 

6 8 8 2 o 

[0014] £fc, 4"KISi: ITif 2 5 0 n m(D I T 

7 17 2-»^«#RR) o Ctf>]«JP2 5 0 nmCO I TO^ 
bt£Z*mm\±s fcttm<D\:*--?tfm6 0 0 nm<D$L-§: 

[0 0 15] «2E;fcB§ft^mi£#£§S ( 2 nd 

WORLD CONFERENCE AND EXHIBITIONON PHOTOVOLTAIC SOL 
AR ENERGY CONVERSION, July, 1998, VIENNA, AUSTRIA 

) -ZftfrtilZX'f x<DHeuchate\±¥1)>b<om j g (p7 

2 8-73D -eft, tfiBJit isxmm&mmitzntz 

^©^^i-^^^f-it^O. 7mA/cm 2 Wf^]±^pJ 

a/ c m 2 PrtB-efc 6 £ t t^£ft,ti 0 

[0 0 16] — *\ 08»t&E<aft±u::^-at> r^u 

[0 0 17] 
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I TO^ZnOft^^ftS^lIlrtKii: 
T^fc. fit, +MJioiK*Sr*a{b-rS-^l-J:9 

70 ft, SIl*Mi:^tlW/j:M«^tt) 
[0018] c<o»WttK±<oj:5**««r#Jtbr4 

[0 0 19] 

mztiz^mmt, t^iro±i-ii^^7^77^ 

i/y = Vj6»e>*;5J:«*«agmJBfc *MJJitt± 
[0 0 2 0] ot^ ro»MlcJ:5«JIll*l»«»*3 

■ *t!RlRt-5«»** «*»4 0 0-7 0 0 

nm) SrJRItLooT»*«SE*Ji* s »ttr5**** 
WJx.ll St^7 0 0 nm^_b) SraiS^-frS^V^ 
lSM^I^Mi4r#^^5c C<D*S*, 7^7 

[0021] s bi^tt, Tmytm&&mm\z.wuibinZ) 
KSUi<o*B^Rtte>jxfc»bvy a^MiftifoiWkJK 

J: o tv>«fc* -r y r <D*ffiW«-fi"5tee**««i-5»* 
05»W-e»t^ BMbvy sxlBlfclKftroWTO*:**** 

50 [0 0 2 2] 
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*!WJitf>®«ic*t ur^} i - 6 %o«siart^ab s w t a 5 

[0023] *BM^ffi*fc»1-*W«»<0r& 

[2] 7 \^T 0 EJ5lc^$n^«fc9^, t^S^S^i-M 
1-SW*»o£#B«Jfc*#tt i ~~ 6 %o«Hrt-Ctt, 
T«*«*»«<0»»«aE«ai L-CiBl 8. 4-2 
2. 6mA/cm z W|^tl5 o wOffiH, 

[0024] :^^liJ;5ii»Blfliifc 

@JK)0. -l-2mm«, XJi 1 i20>ia*j&Sft) 0 . 1 
-2mm©#^i:t5:im5, ROlE^#^ 
«Oia**r«0. l-2mmit5i, 

fcJ:v\&s, HDdS#B*^J3V^r**o*3as«##iJ:5 

[0 0 2 5 ] ^<0»Wtt»l«D»*a»fc*Sfc, «S 

MS ttJi«ro XtKjMIN^& A^i" 5 * SrJfi* I- J: o T 
fb^y a^Mttt-tOHW^IS) 2 — 1 0 nmT&oT h ^ 

[0026] ^<o.t5**«oawia!*i»«»-ew:, * 

5 e L*>U Kftvy = 2 - 1 0 n m i 
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<Dfo±\zb ¥*Z> 0 /<!/^->3 ^9b*tt»ftvy =2 

HESri^l 0-110 nmmiSi: U *fbvy =» ^HgK* 
[0027] lo«ni^J:SSMl*Mttl-« 

■ LT4otV>5It^ff*U\ ¥tt*Ktt 
fefii/y=y»m^b4!)> *«>**^y a^WKttW 
«tt^«fittaft^*b 5 x l 0 18 -1 x l 0 20 cm" 3 ^«S 

»5X10 1S cm- 3 £Jlltfc5:i:^ LA^S, 

tt*tt*»flE#*& 1 x l o 20 cm-^i^st^vy 

[0 0 2 8] **f«llt »«*fc£*U 

#r Lt-bIB** V y = ^»Kfc«feix5 tO"ett4 

»i^S^fficoi/y = ^^-^vjii4^>b^^tSo 
[0029] j:iaaw*wKtt, 

6X1 0 2 — 6X1 0 3 (Q • cm) ' 1 OgSISft^ £> «9 . 
RS*$J4 0 0- 7 0 0 nm^*lC*r"J-Saa*!ft J »7 5 
50 -90 %<7)JSfflrtCfc 5 i ^ff * U^, i^H, 

isi^^^^j:^^ antt*Httitx£*'* 

SrtfWcitto-CiMM (b) *«T**«K a»* (a) 

_bffi«EHrt 45 «£ 5 fc»»*#*Sr»J»i- 
S4»4 0 0-7 0 0 nm(!!)*H»t5ai8*S: 
^7 5%£A±i:t5Ctd^t, W«tti:*aatt*:M 

[0 0 3 0] fc*5, a^SISMi: Lttt, »<bffi» (Z 

40 no) , i/i?v-u . xxmtyo (i to) , mt*x 

(SnOz) ; ■Mb^^ft^trJBV^r.i 5 

7x-7cvDj£T««i^ amuioitisxt 

[0 0 3 1 ] £1±<D£ pic, r^»Mlc:J:5a«®*» 
«»^*WStt, T«B3t«2Hft«iHflO»^b^y 
jo JB«f*^£v^::|(«san««K2:¥«fni«r% 
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Urigft^McD^ilte, 0. S. Heavens, "Optical Propert 
ies of Thin Solid Films", Butterworths Science (195 

5) iz.Rmztix^zfttt&m^xnm'tzz- t 

5o EAT<G>5t (5) - (7) tt»il[Al*^»fr^*5»t5 

[ 0 0 3 2 ] 
[&5] 



A (X) = 7 0 (m„+ 7 w m„) - (m 3: + v hl m^) 
B (X) = 7 0 (m : ,+ 7>,m n )+ (mst+ 7^, mas) 

[ 0 0 3 3 ] 
[«t6] 

[0 0 3 4 ] 
[ft 7] 

Co j <5 ; i 7} J 1 5i>i <5 y 
irjjSindj Cosdj 

[0035] T?MJ j smSMo#ttfT^J 

-C. Mf±*SlK*JllKro#tttT^J, mil, mi 2, m2K m 
770, 7j i*i&t/7?jttA*tffl0ro«CK, avXtMIS j 

[oo36] iwbvy =^KJh(Ji, 

(5) - (7) S:ffl^-CfHfLfc3(S^:SrSl!*^it5t, 
■lft'>y =^Bt<0»ai*]||Wf4ttl OOnm, «-^&iBi 
i/y ^ ^(Z)il«f (i^ 3 0 n m s ^-ZnOM 
**HWtttt7 0 nmtftSo ^lll^Mt^M^ 
iU¥£r_bt£^J: 9 ^13:^1-6 d > 9 , Sft«»4 0 
0-7 0 0 nmO«tt**«rS*t*»9 0%^_bT^M 
U fc&Kj7 0 0 nmUUiOfiftfiftSrSii^iirSi:^ 

[0 0 3 7] 7^7;^vy =^*«^8WifiiR*« 

1^)4 0 0-7 0 0 nmOffl»**^!ftltS:L-C*«i-5 0 

s/y=^*«e«Ji©«»«flEe**«rti±i-5. 
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[0 0 3 8 ] wK>*Mlci:5a/iS*:»«ft»-*5v>-c, 
■Mki^y K5-fBMb8u 9*y>aMb8u K 

[0 0 3 9 ] w^>«MliJ:SaJI®*»«*^*5 
JO Bfft^^-^T?»*L, rco^^ix^^m^-^ h 

R*£$tf#Hft<&T"C#&4 0 0-80 
0nctf«Efl!:1-*C.i:lcJ:9Wa-C*5 o 

#-e*<5o iMfr 3^**3 tt, ^5-1 0 0 /z m 

[0 0 4 0] 5 

^bvya^Bi©iit«ifta^^*a*^j:oraau it 
<b^y = >m<Dmm*bmm*x*nmi~zmnmiffii& 

[0 0 4 1 ] wO*MlcJ:5aJBS*»«»^fe 
y >-^XtiDC^/N°^^ y ^>T?£3UiRF 

-DCig^y^ y if $ ^7 

H<K <d &m t js- temm & # 5 *: «> u: « r f * >y 

&m%\^teft%mM<D#m\£*mo . 5-3 %<owmx 
mm I,, i^^iteiittf ?riit5: tia 
i9 s mw&mmvmmm kmmm& ±&<omm &xwrti 

[0 0 4 2 ] 

[31*609] gasm 

^cov^Tl2ll-4^S^v^rK^i-^>o Sli fi:w^ 

[0 0 4 3 ] EI 1 2 (^T^^tvS £ 0 l-s 

M©H«W 1 l^i5»lS*»«»2 1 II MVJa 

jo ^f>^5TMl^I I2t, TW*«aElft» 1 2 
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7^7 7 ^vy =>a»kft5±»ft«aajUi 1 1 1 & 

m*-s *IWJB 5 tt±»*«K*Ji l l<JM>f> (HI©* 

'>y^vii 3»ctt»<k^y i 3o«ss^&xb 

[0 0 4 4] J^T, 1 J: 5«SM±&&m?l!l<Z>Si 

it^&^o^TEI l *5 J;t« 2 lool^^f^c 
*1\ Hi 1^*1x5 JB 2 1 2 ©«3t-C»4 
fifit^JKJO. 5 Q • cmONl^&vy =^*«3«r 

ymotr^^ft^MUfc, ft»-s ^nyj£» 
SrtT o TNl#3g* V y a 3 <D^® l: P 

n DitKffrt-e p y = ^ji±i£*flB{MMt 

(B SG) SrWriSLfc. 

[0045] fttc, Nffl#a»^y ^ylS^glli: 
fc 5 P»*l** ^ y = ^JI 4 Kit *r»B-r ^ ^ 

»3rfTV\ JP£fao. 3/2ra, 2xi 

0 20 cm-^Ni»yy3y|2«U: o ft 

H F ftics* IT Nl#fefi^ y 3 yi 2 O^iR 
[0 0 4 6] ft^ w^^^t, pffl#tt*^y = 

•ef S» 1 0 0 n m©IMt v y = ^It»jjc Ifc. ft 

c pffl*a*vy 3^14 ±<omt^v =>sio_hic 

«^-S^ hfcjESJBO. 5mm^R!KT\ t^l5l:^ 
1" 5 ffiSWK) 3 % £ * 5 «fc 5 icEPJ&y Itt, -</u h 
«F-Cft*, ftlfdtU ««*I5 1 8 (H2#fl8) Sr*J*L 
K 0 C©»t»18*r#t5Wbvyay|H 3i«tllll 

[0 0 4 7] rh, PI^vy3>'l4±i:M^ 
*WcKflr>y 3>H 3Sr«HUft^e>. ^Ofiii 

7t 0 ^0f N Nl#3BflVy=yl2(DgffilCTi/P 
1 2 ££gj£<*H2:fc 0 

[0 0 4 8] ftl-, H2KL^3*l*+raJl5 SrSiiiL 

fc 0 twi5i±, siii^45i(Mkvy3yii3o 

^211 £ LT#IS»Vy 3>H 4, f|3Jfg 
£ UZnOll 5, 1411 t lt*«ivy =*>-J£l 
1 6, fc LrZnOl^l(Il:aiLtM^iX 

TV^So SSftv'y3yii3i:^ll4, 15, 1 
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6, l 7^Mt-«RF^^y^y x«iSS^fflv> 
[0 0 4 9 ] £1*, t^l5^2lltU, RF^ 

y3>»ii4^iuc e A^ftjctt, ^-y^ht 

It, TfffiJKjl 5 0 X 2 5 0 cm, 3 X 1 0" 3 

Q« qmONli/yaySMV^, If ijE^i tt 
Ji, 1 3 0 X 1 0 0 mm, 4tf^3mra v IS 

fitspiK)3 x l 0" 3 Q • craONSV!) svfiSrlv^, 

30Xl30mmtfc^ ^-^y hM^^lOra 
mltixfcfiflFf-e^-yy h^®lC^bT)^2 8° <mX 

[0 0 5 0] T)\>^I/13?s (A r ) O^i^tOT^ I 
fijE^iffi^-4 3V, SIE^^SmTor 
r, RF«»»^»10 0MHz, fl5«»H;**fiSrJK) 

0. 6W/cm 2 , Sfi?a*S:tt3 0 Oti IT«^ 
ffofco j^M^tvfc^Jgf H i/y 4te, K»d«3K) 

3 0nm, S5rt<7>Bt/?$M&J&*± 2. 5 n m£*T* ^*£$> 
20 »&tms X 1 0 18 cni- 3 -Cfcoto 

[0 0 5 1 ] ft Id, * W^fclftiSU iS 

*«*V*^AfcJ:oTXffiflWtt2 x l 0' 6 To r r 

y^htLtifbM^ (Al : 2%) SrfflV\ T/U=f^ 

t#m t<Dm&tfx<D ftrnfrnT-Zs wtm<D&mtt&m 

1. 4%, «EE^^6X10- 3 Tor r, WS 
MJt^2W/cm 2 , -S4RfflaSr*5)2 0 0°Ct IT 
^M^tTo/-- 0 ^I^tltZ nOll 5fi, Bt*W»7 

50 Onm, V- hffigt*^ 2 8 Q • cm, RoaigSpdS 
^8 3%r*foo^ 0 

[0 0 5 2 ] ftlc, fg2JBSO#*gftvy 3^114^: 
^«I*^I41I t4*#**^y 3^H 6£r 

$ b^*3jiio2 non 5 tncatmk# 

■Ci5lli:45ZnOll 7£/£JilL*L« *r0>SL # 

[0053] ftic, Hn-^s*t5.btt**acayBi 1 

7^;W77^^y =J^*»6ft5 P- I -Nfllat 

5c *ff»fcW\ mmtfxt UTS i H4 (Vyy) , 

H2 , BzHe (i*#9>0 . PH3 

«r«V\ riWBE*4r»0. 3Torr, /7X 
^C«t5x^-^3 OmW/cm 2 , &t£ifi 
f^l6 0t:i^iU Nl7^7r^Vy3yf 

(|^3 0 0 nm) *5«t TJ 5 Pl7^7 r * V y = ^ 

50 [0 0 5 4 ] Ml:, H l f:^$tu5*®«<S*3J:t/S 
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It^±l9 t ITlfl^l 0 7 nmO I TO»PiT 
U £<biC, i!li9±Ci (Ag) *>t>ft**ffift 

[0055] BLbo 9 Lxmmztitzmmmxmn 

^£5^ '^WilSte, T^/i^r * y S/a^fe* 
5-b«3t«2E*S l l **Kft-e#S«*«B4 0 0-7 
0 0 n mWMifift*l:#t5S»* *S» 9 0%J£JLLfcfc 70 
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* 2 ^®HX^e# 7 0 0 n m«±<OSift:S:±K*|-1-5R 
*>*u Tt35*mas«IJil 2t;i*H-Sigii 
* * fee 
[0 0 5 6] AMI. 5Ra**T«w*3tt5±«*«2EJftJi 
(top) 1 2*5J:0«T«*M*1 (Bottom) 

1 1 , &m^, mmm^zmmm (tandem) 21© 
mmmmmm Use), fm&mjsE (vo c ) , iis 

f (FF) , ^«IS»* (Ef f) 
[0 0 5 7] 





Top 


Bottom 


Tanden 


JscOnA/cm') 


18.5 


23.0 


18.5 


Voc (V) 


0.88 


0.63 


1.51 


FF 


0.64 


0.77 


0.705 


Eff(X) 


10.4 


11.2 


19.7 



[0058] mmm±m i mm i 2 
im ±§i5^m^m^i 2ofists«t (j s c ) 

?& s !£3fetf>#*) 12 — 13 raA/ c m 2 /&><b>fa 18. 5 m A 

jii 2m\^-fbtitzmt^v^>mi 

v 3 yM(a^ T«XtKMi2oHtfctEE (v 

o c) j&Sfi£3fetf>#5)5 8 0mVj&><b**J6 3 OmV^^i 
[0 0 5 9 ] o£ V N IKXtKM 1 1 OM»«Sft« 

ctpl^AMl. 5HB»T^*5(t5«Jia!*»«»2 1 

^lilMW^^l 2mA/cm z /)^^l 
8. 5mA/cm^^lt s £»3b*ttft*0ift 1 
2%/5^l3 19. 7% — ir^ctKCf^iLfco **5, SI4 

fc^Sfta J: 9 in, ±n3£ttX»JI l 2 0JBft*8fHBft 

[0060] mmffl2 

«2l^i:<5«JiSl*»«?fioWfEBIx EJ 6 HEISTS 

[0061] eg 5*5*0*12! 6 i^^tus «t mmm 
2\z£t>immm±tikmm4 1 s^ya^bfti 

77^>y 3^**fe45-b»*mat»JB 1 1 

2 5 tt-LWftfsaawi 1 1 jBoa>k (ia 5 ^ep*- 

ai8$*5a*tt*ti3 9 t»*«sm(ijii 2« 



HJ6«iJ2^J:saJlS*»«fl64 1 h^^3b*Jw 

yKSr3 3roifSrjfi5nmit?Ii:l-J:!?, 3I*W 
l-efflV^»«»18 (H2#R8) Sr^S^Lfct)^ 

[0 0 6 2] ^^(]2(^J:^^^^:^m? : t!l4 if±, m. 

fccfc l tWtll©||3S#ftt?IBLfc, H 
J£^J2lc«t5«S®^:^mMf±s -b^^m^ili l^o 

ffl»*8IE«flEdSft*«>ftl 2-1 3mA/c rn 2 ^^^ 
30 18. 5mA/cm 2 — fa-kU TUitM^^S 1 2 CD 
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